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I.  I IIK  I N» 


t'lkit!)  ol  the  Kii^ul  Auhltuliiiii  All  t t)i\.w  Mill  mhmi  be  rci^uiicU  le>  Mcur  cuM  ualci  ^uiAisal 
Mills  ilurind  ftijjhts  over  cold  wuter,  Inforiiiution  ohtuined  from  the  Australian  Weather  Bureau 
(l  igure  I)  indiciites  that  dunmt  winter  the  mean  tcmireruiure  of  the  water  olT  the  south  of 
J asmania  fulls  to  10  t'.  If  u pilot  wearing  normal  flying  clothing  were  forced  down  over  water  at 
this  temperature,  his  chanees  of  surviving  would  be  very  poor.  Rapid  progress  into  hypothermia 
would  tie  accompanied  by  loss  of  consciousness  and  finally  diowning  even  if  adequate  bouyuncy 
were  provided  by  a life  preserver.  Keutingc*  has  described  incidents  in  which  victims  of  aircraft 
ditchings  or  ship  sinkings  have  been  found  dead,  though  supported  by  a life  preserver  with  their 
heads  well  out  of  the  water.  Cleurly  it  is  not  enough  to  provide  adequate  flotation  for  such 
emergencies:  steps  must  also  be  taken  to  keep  the  survivor  warm.  However,  one  dilliculty  is  to 
devise,  for  survival  in  cold  water,  an  anii-cvposure  suit  which  provides  the  wearer  with  adequate 
insulation  when  immersed,  but  discs  not  induce  a state  of  heat  stress  during  normal  flying  in 
bright  sunlight. 

The  purpose  of  these  trials  was  to  compare  and  evaluate  three  anti-esposurc  garments  for 
possible  use  by  the  R.'NAI  , I hese  comprised  llu*  British  Mark  It)  and  the  United  States  t'WU 
ill  I*  dry  suits,  and  the  U.V H'  Thermolhmt  jacket  which  was  recently  developed  at  the  University 
of  Victoiia,  Hiitish  (olumbia.  Ute  design  of  this  laiier  garment  is  based  on  the  ‘wet  suit" 
principle. 

Heal  is  lost  from  the  hodv  at  a eonsiderahly  reduced  rule  if  the  survivor  is  able  to  use  a life 
lalj.  l ife  rails,  however,  are  not  included  in  the  survival  equipment  of  many  aircraft.  Conse- 
i|uently  for  this  evaluaiion  il  was  assumeil  that  the  wearer  would  he  almost  totally  immersed  in 
the  water  ihrouglioul  the  evposure. 

Initially  the  purpose  of  the  study  was  to  compare  the  three  anli-evposure  garments  with 
respect  to  their  ilterm.il  insulaiion  and  o|Krational  elfeetiveness  and  also  to  estimate  survival 
limes  with  aiul  willunil  tins  emiipnieiil. 

Ihe  evaluation  comprised  iwo  parts:  lahoiatory  trials,  aiul  sea  trials.  In  hoilt,  the  fall  in 
deep  horty  iem|H'ialurc  was  used  as  the  mv>si  important  eriteiion.  l.ahoratory  trials  enabled  a 
comparison  of  ilte  suits  lo  he  made  under  similar  am!  well  controlled  eondilion.s  whereiis  sea 
liials  iH'rmiltevt  the  assessment  to  he  evlendeil  to  more  realisiie  omidilums,  Subjects,  wearing  in 
lurii  each  of  the  three  suits,  were  required  lo  sit  in  a tank  r'f  cr>ld  water  vvltile  rectal  and  skin 
lemperaiures  were  measureil.  I our  of  these  suhieets  then  participated  in  the  sea  trials  which  were 
cat  lied  out  in  Port  Phillip  Buy. 

I'siimaies  of  survival  times  shotild  mily  be  miule  wilh  reference  U'  ihereleviint  physiological, 
biochemical  and  psychological  variables  A brief  aeeoiml  of  some  of  these  is  provided  after  a 
vlesci'iplion  of  ihe  garments. 

2.  l)k.S(  RIITIONOF  nil.  suns 

Uie  Hrilish  Mark  10  suit  is  a coverall  made  of  a veniile  fabric  which  is  [X'lineahle  to 
ix'rspiration  vapours.  Soli  rubber  seels  are  providcil  at  the  neck  and  wrists  to  prevent  the  ingress 
of  water  ami  waterproof  boots  are  auaehed  to  the  boiioins  of  ihe  legs.  A urination  lube  is  lilted 
under  a hoii/oiilal  slide  fastener  just  above  the  level  of  the  croich.  Running  hori/ontally  across 
tite  hack  of  Ihe  suit  is  a gusse*  slide  fasiener  which  allows  ihe  hack  lo  extend  for  case  of  donning. 
I'o  don  the  suit,  the  gusset  .slule  fastener  is  opened  and  legs  and  arms  arc  inserted  Ihrotiglt  a 
waterproof  slide  fastener  which  runs  from  the  right  shoulder  to  the  left  Itip.  Ihe  head  is  then 
piissevi  under  the  lop  of  the  suit  while  both  hands  are  used  lo  draw  the  rubber  neek  seal  over  the 
head,  t he  gusset  slide  fastener  is  then  closed  and  a seal  which  is  inleiuled  to  be  waterproof  is 
ohtaiiu'vl  hv  closing  the  front  diagonal  slide  fastener.  Si/e  (medium)  of  the  suit  has  a mass  of 
:'.Ug. 

I,  Kealiiige,  \S',  R,  Siii-\iviil  i>i  ciiA/  irti/ir.  Blackwell  Scientific  Publications:  l.ondoit.  Idpv), 
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The  United  States  C'WU  21/P  coverall  is  similar  in  design.  It  is,  however,  somewhat  lighter 
and  easier  to  don.  The  main  waterproof  slide  fastener  at  the  front  runs  f rom  one  shoulder  to  the 
other  and  the  greater  t1esihilit>  of  the  fabric  enables  the  wearer  to  don  the  suit  more  quickly. 
Soft  rubber  neck  and  wii-.t  seals  are  provided  in  this  suit  also. 

Special  undergarnients  arc  worn  under  both  oi  these  in  order  to  provide  an  insulating  layer 
of  air  between  the  fabric  and  the  skin.  Long  mesh  underwear  is  worn  under  the  British  suit 
whereas  a special  undergarment  is  worn  under  the  CWU  21/P  suit.  This  undergarment  consists 
of  a liner  having  coarse  mesh  on  one  side  and  woven  nylon  on  the  side  worn  next  to  the  skin, 
A vertical  slide  fastener  at  the  front  extends  from  the  neck  to  the  crotch. 

The  U.VIC  jacket  has  a woven  outer  covering  and  a foamed  neoprene  lining,  .\ti  xt”<  %p 
of  neoprene  is  tucked  up  inside  the  suit  for  normal  wearing  but  when  necessary  it  .,m  be  drawn 
around  under  the  crotch  and  fastened  to  clips  which  arc  attached  to  the  inside  ,a>tn  pockets. 
This  provides  some  protection  for  the  groins  which  are  known  to  be  high  heat  loss  areas.  Further- 
more u lightly  coloured  hood  can  be  deployed  from  the  collar  of  the  jacket.  A long  vertical  slide 
fastener  at  the  front,  when  closed,  draws  the  neoprene  firmly  around  the  trunk.  Photographs  of 
each  of  these  garments  arc  shown  in  Figure  2. 

X PHYSIOLOGICAL  RESPONSe  TO  COLD  STRESS 

Inmicrslon  in  cold  water  initially  excites  the  thermoreceptors  and  via  the  hypothalamus 
causes  intense  stimulation  of  the  sympathetic  nervous  system.  The  result  is  generalized  peripheral 
vasoconstriction.  This  ctfect  is  assisted  by; 

(o)  the  slowing  in  metabolic  rate  of  the  skin  with  u reduction  in  the  concentration  of  metabo- 
lites being  produced,  and 

(/»)  an  increase  in  blood  viscosity. 

The  blood  flow  to  the  extremities  is  least  at  regional  temperatures  of  10  1 5 C,  Skin  temperatures 
below  10  C cause  a sensation  of  pain  and  a protective  phenomenon  known  us  cold  vasodilatation 
is  induced.'  Thus  when  the  skin  is  expo.sed  to  extreme  cold,  that  is,  regional  temperatures  below 
about  10  C . cyclic  variations  can  occur  in  the  level  of  vasoconstriction.  Intense  vasoconstriction 
is  followed  by  a period  in  which  the  arterioles  open  momentarily  allowing  a greater  bloodflow. 
This  has  been  culled  the  Lewis  Hunting  Reaction  and  its  ctfect  I'n  normal  performance  has  been 
thoroughly  investigated  by  Bcnsel  and  Lockhart.-  Although  this  reaction  is  useful  in  preventing 
local  tissue  injury  in  conditions  of  extreme  cold,  it  cun  increase  the  rate  of  heat  loss  from  the  body. 
Heat  is  conserved  during  exposure  to  cold  environments  by  a countercurrent  method  of  heat 
exchange,  in  the  deeper  tissues  the  arteries  and  veins  lie  side  by  side  so  that  cold  blood  returning 
to  the  heart  is  warmed  by  blood  flowing  towards  the  extremities. 

Large  individual  variations  have  been  observed  in  the  ability  of  men  to  tolerate  cold  stress. 
This  ability  has  been  associated  with,  amongst  other  things,  body  size  and  shape,  and  skinfold 
thickness."  F'or  example,  in  one  experiment  Kcutinge  found  that  a subject  with  a mean  skinfold 
thickness  of  26-g  mm  was  able  to  stabilize  his  deep  body  temperature  in  water  at  S'C  whereas 
the  most  lean  subject  (skinlold  thickness  6'5  mm) could  only  do  so  at  ten  peratures  greater  than 
20  C. 

Kealinge  also  investigated  the  survival  potential  of  exercising  in  cold  water.  Exercising 
increases  the  amount  of  heat  produced  by  shivering  but  also  raises  tissue  thermal  conductivity  as 
the  blood  supply  to  the  muscles  correspondingly  increases.  In  Keatinge’s  experiment  each  un- 
clothed subject  was  immersed  in  water  at  a temperature  at  which  previous  exposures  hud  shown 
that  he  could  just  stabilize  his  deep  body  temperature.  He  was  then  told  to  exercise  as  hard  us 
possible.  In  this  way,  exercise  was  always  found  to  increase  the  rate  at  which  deep  body  tem- 
perature fell.  Consequently  It  would  seem  that  exercising  is  hazardous  when  done  in  water  at 
temperatures  likely  to  threaten  life.  The  main  ditferences  in  responses  between  fat  and  thin  men 
in  this  experiment  were  in  the  water  temperatures  at  which  deep  body  temperature  could  be 
stabilized.  Subcutaneous  fat  acts  as  a passive  insulator  and  the  insulating  air  layer  provided  b)' 


1.  Folkow,  B,,  and  Neil,  E.  Clnuluihn.  O.U.P,;  London,  1971. 

2.  Bensel.  Carolyn  K..  and  Lockhart,  .1.  M.  Cold  induced  vasodilatation  onset  and  manual 
performance  in  the  cold.  ErKotiottiks  17.  717  .70,  1974. 

.7,  Keutingc,  W.  R.  Survival  in  vaUi  water.  Blackwell  Scientifle  Publications;  London,  1969. 
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ilr\  MiitN  niav  b?  ext'ei'lei.l  lo  iU'i  nimilrtrly.  (\>ii<>ct]urtuK  >f  the  Jeep  binJy  (emfteraiuri:  uf  an 
iiuKii'ic  not  st.i. iili.'c  while  wiMiiiip  the  iinti  exposute  suit,  eeeieisin}!  vmII  ileviease 

Ills  1 ll.uuev  I't  Mil  1 I'.tl 

Kc.iiingc\  eoni. ate  in  maikfil  ei'iiliast  to  iho^e  ol  t.il.i\ei'  wl\o  a^^elll\l  tital  e\et 
eising  in  cold  water  would  \xe  bcnelkiul  in  maintaining  body  temperature.  More  recent  work 
tcixtricd  by  Hayward  «■/  u/..-'  however,  conlirms  Keatinge’s  claims.  Hayward  found  that  treading 
water  signitWantiy  increased  the  rate  of  progress  into  hypr'thermia. 

Infra-red  thermography  carried  out  on  subjects  who  had  been  immersed  in  cold  water 
showed  that  the  areas  of  highest  heat  loss  include  the  groins  and  lateral  thorax.^  t onsequcntly  it 
would  Ix'  csixjcttfd  that  one's  chances  of  survival  could  he  improved  by  adopting  a posture  in 
which  the  knees  are  pulled  up  into  a foetal-like  ixisition  and  the  uptxrr  arms  arc  held  lirmly 
against  the  trunk.  Hayward  found  that  for  subjects  adopting  such  a {X>sture,  rectal  temperature 
cooling  rate  decreased  to  66",,  of  its  magnitude  in  the  control. 

I he  elfect  of  the  estxisure  to  cold  on  the  urine  excretion  rale  is  relevant  in  assessing  the 
potential  elfectivcness  of  anti-exposure  suits.  The  combined  effects  of  peripheral  vusivonstriction 
and  hydrostatic  pressure  results  in  a redistribution  of  blood  to  the  bixiy  core.  This  activates 
certain  physiological  mechanisms  which  arc  sensitive  to  fluid  volume,  causing  greater  fluid 
cscrctioii.  In  addition,  raised  blood  cortisol  levels  cause  an  mcrciise  in  glomerular  tiliraiion  rale 
while  a lowctiitg  in  hUxxl  lem|XMatiire  decreases  the  metabolic  rale  of  the  renal  tubule  cells  and 
lowers  the  rate  of  rcabsin  ption  of  the  iiltraie.  Blair'  has  reported  that  lowering  the  renal  icm- 
ix'raiuic  ti'  V'  i causes  the  urine  excretion  rule  to  double  friuu  1 to  2 ml  mm.  de  l oresl  and 
Heckman'  sliviwed  expenmenialls  that  a dramatic  increase  in  urine  exeretion  oecurs  even  when 
subiccls  are  immersed  in  water  at  k'.  Ihis  led  Beekman  c/  u/ “ to  sliile  that  immersion  in 
watet  up  to  neck  level  produces  a “profound  and  continuing  diuresis  of  such  urgency  as  to  rapidly 
convcit  the  so-called  ilrysuil  tv'  a seiy  vvci  one". 

I he  elVcciiveness  of  the  dr>  suits  deiX'iuK  on  a layer  of  iiisulaliiig  aii  liapixxl  Ix'twexMi  the 
skin  and  outer  eoserall.  As  water  has  about  twenty  limes  the  thermal  conductivity  of  air,  a wet 
liner  would  greatly  diminish  the  suit's  insulating  pro|x*riies  I'uriliennore,  other  cMiluations 
have  shown  these  Miits  tv’  Ix'  Miseeptiblc  tv’  leakage. 

In  the  Royal  Air  I'oree  evaluated  several  immersion  eovcralls  including  Ihe  stanviard 
Mark  Id  ' During  trials  lasting  twenty-three  minutes  three  of  the  suits  allowed  a water  ingress 
of  between  J.'vii  ami  n.Ul  giants  I ive  lumdied  grams  was  the  stated  allowance  and  tins  was 
ci'ii'ivlerevl  re.i'onable  prov  uteri  Ihe  wearer  has  aeeess  ii'  a life  raft.  I eakage  was  I'v’und  to  vx'eur 
mainly  at  the  se.uns  hut  il  is  apparent  that  leakage  at  the  neck  and  wrist  seats,  aging  porv’sity 
of  the  fabric,  and  of  course  the  presence  I’f  any  fears  wvvuld  add  to  ihe  prv’blem 

Pei'lormance  evaluafiv’it"  carried  out  on  the  Mark  10  suit  by  the  Rv’yal  New  /ealand  Air 
t wree  also  slu’wed  that  tlte  suits  leaked  in  this  case  from  the  relief  lube.  I'urthei  more  the  neck 
seals  were  Ivninvl  to  be  quite  uncomfortable.  .A  light  summer  flying  suit  was  worn  under  the 
coveiall  m these  trials  and  the  rectal  temperature  of  the  subject  was  observed  to  full  by 
vluiing  v'lie  hour  v’f  Ihe  iiiimcisuvii,  Only  one  subicet  was  used  and  nv'  ini'v’rmation  about  his 

I.  tllascr,  b.  M.  Immersion  aiul  survival  in  cold  water,  Au/iirv'  166,  1068,  Id.so, 

T Hayward,  J,  S,,  I ckeison.  J,  D.,  and  I olliv.  M,  I . I lleci  of  Ix'luivioural  variables  vvn  eooling 
rale  v’f  man  in  cnUI  water  Jimnuil  ot  4;7«/iv'v/ ^VM  'iv'/u.er  .k8,  10?.'  7?,  I'D.k, 

.V  Hayward,  .1.  S.,  I'olhs.  M..  and  I ckerson,  J.  l>.  I hermogiaphic  evaluaiii’n  of  relative  heat 
Iv’ss  areas  v’t  man  vhiring  ev’KI  water  iinmeision.  k-niv/tvin'  .Wii/uirie  44,  70S  1 1,  l‘>7.t, 

4.  Bhiii',  I I'liniiiil  hyiHUhi'rmUi.  Mckiraw  Hilt:  New  Vv’ik.  l'>64. 

'v,  dc  f orest,  R.,  and  Beckman,  I , I . Some  cv’iiiraiiivlications  U’  use  I’f  life  jacket  for  survival, 
•In/i.  |l/'/•,'m  . Hi'iilth  SR,  .'6  64,  1062, 

(’.  Beckman,  1 . I .,  Reeves,  I , ami  kioldman,  R.  f . k'mrenl  concepts  and  piactices  applicable 
Iv’  the  cv’nliv’l  V’f  Ix’viy  heal  h’ss  in  aircrew  subjected  to  water  immerMv’n.  f Wfi/ii  ine 

,17,  .14S  ,17,  |v>66, 

7 Neie,  R.  IV  I v|x'iimental  iinmersii’n  coveralls.  Royal  .Air  l orce  School  of  k'oinbat  Survival 
and  Rescue  Inals  Repv'it  No,  Sk'S  IS  74.  November  1474. 

S .Avi.iiion  Medicine  Ihiii  k'larke  House  Ri»yal  New  /ealami  An  force  Base  .Aaeklaml.  lest 
Repv’i'l  v’li  Mk  10  imnieisiv’n  suits  IIW  67,t  .M.  November  |47t. 
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skinfiilil  ihitKnt’S'..  Iieiglu  iir  mass  \viiN  proviiled.  As  persons  vary  jireatly  from  one  to  another  in 
llieir  tolerann'  to  li'KI  ^llc^^  these  results  are  of  little  value  as  reported. 

I rials  earrieil  oui  iii  a eold  ssatei  tank  ;it  the  Koyal  Naval  Medieal  Sehood  in  were  to 

eoiiipaie  two  di\  suits  .lad  tun  aet  suits  ineluditip  the  IhVK  Iheimo'loat  |aeket.  I he  temperti- 
ture  of  the  tvater  was  H>  t and  the  usscssment  was  based  on  the  eoinpurisun  of  body  temperature 
and  metubolie  rates  of  live  volunteer  subjects  four  of  whom  were  immersed  once  while  wearing 
one  of  the  suits.  I'lie  fifth  subject  wore  normal  Naval  working  clothes  as  a control  condition. 
The  U.VIC  Jacket  was  rated  third  in  order  of  acceptubiiity  Llnfortunalely  not  much  reliance 
cun  be  placed  on  tlic  conclusions  that  were  drawn  from  this  experiment.  The  percentage  of  body 
fat  varied  from  12'4  for  the  subject  who  wore  the  U.VIC  jacket  to  23-1  for  the  subject  who 
anted  as  the  control,  This  elfect  should  have  been  eountcrbulanced  by  so  designing  the  trials 
that  each  subject  was  used  us  hi.s  own  control.  However,  it  is  interesting  that  by  the  end  of  one 
of  these  trials,  one  of  the  so-called  dry  suits  contained  approximately  one  litre  of  water  in  each 
leg.  f'urthermore  this  was  the  suit  that  was  given  the  best  performance  rating. 

Survival  time  for  immersion  in  cold  water  has  been  detined  by  Haywarti*'*  as  the  time  taken 
for  the  rectal  temperature  to  reach  3()  'C.  At  this  temperature  loss  of  consciousness  occurs  and 
even  if  an  optimum  flotation  posture  is  maintained  — head  clear  of  the  water  and  inclined  slightly 
haekward',  enough  water  would  quickly  he  taken  in  to  cause  drowning. 

Previous  studies  have  indicated  that  after  a period  of  15  30  minutes  rectal  temperature 
follows  a linear  cooling  rate. f-rom  these  results  Hayward'*  has  derived  an  expression 
which  predicts  survivtil  time  as  a function  of  water  temperature. 

7-2 

Thus  r,  15  I „ where  i,  is  the  survival  time  in  minutes  and  7V  is 
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llte  water  temperature  in  degrees  C'elvius  |•^:2.3  C).  This,  however,  involves  extrapolating  (by 
about  5 Cl  a cooling  rate  obtained  over  a drop  in  rectal  temperature  of  about  2'  C.  For  justiflea- 
tion  of  this  Hayward  i|uoted  the  results  of  some  of  the  infamous  experiments  curried  out  by 
(icrnians  on  concciitratioit  camp  inmates  at  Dachau.'  in  these  experiments  clothed  and  un- 
clothed suhiects  were  immcised  in  water  at  a temperature  of  about  4'5'C'.  It  was  found  that 
after  an  initial  delay,  rectal  temperature  fell  at  a constant  rate  to  below  30  C,  However,  no 
informalion  is  provided  ahmit  the  physical  eoiidition  of  these  subjects  who  furthermore  had 
probably  given  up  all  hope  of  survival,  Thc.se  cooling  tairvcs  are  therefore  of  doubtful  value  in 
predicting  survival  limes  in  cases  of  accidcniul  immersion. 

Survival  time  probably  also  depends  on  the  time  between  the  imset  of  the  exposure  and  the 
last  meal.  Although  the  requirement  of  ihcsuperlidul  layers  for  oxygen  would  be  greatly  reduced, 
this  is  mttre  than  compensaievi  by  the  demands  of  the  muscles  involved  In  shivering.  Thus 
metabolic  heat  production  rises  markedly  during  the  exposure.  The  resulting  low  blood  glucose 
levcl.s  could  cause  di/zincss  and  syncope.  The  conservation  of  liver  glycogen  for  use  by  the 
hrain  would  depend  amongst  other  things  on  the  response  latency  of  the  metabolic  pro- 
cesses to  raiscil  blood  cortisol  levels.  Although  cortisol  secretion  would  increase  minutes  after 
the  onset  of  exposure,  its  elfecls  on  the  breakdown  of  adipose  tissue  and  the  utilisation  of  amino 
acids  for  glucose  synthesis  would  probably  take  two  hours  to  occur.  Consequently  It  would 
seem  iltat  initial  low  glycogen  levels  could  sometimes  result  in  an  earlier  loss  of  consciousness. 
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In  mi  cApcririK-nl  In  iissess  the  long  term  edeels  of  immersion  in  told  water  reported  by 
Bewknian  i7  wine  subjects  developed  blood  glucose  levels  of  50  Wi  mg  per  cent  and 
e\[Kt  lenceil  ri  ispic.il  h> poglsc.iciiiic  episiulc.  Some  o!  the  subiects,  alter  berng  given  some  colTee 
ami  sugar,  were  .ible  lo  cunlmiie  the  immersion  for  another  oru-  or  luo  hours  It  was  coiicludeil 
ilrai  ilrrs  was  lire  result  ol  an  increase  in  iiielabulisin  caused  by  the  "speeihe  dynamic  action  of 
food”.  In  this  eitperintenl  the  subjects  were  nude  but  the  water  temperature  was  24  C an 
important  I'act  to  consider  when  assessing  the  likely  outcome  of  immersion  in  water  at  7 C. 

7o  summarize:  Although  at  llrst  sight  the  dry  suits  appear  to  provide  excellent  protection, 
leakage  and  cold  diuresis  may  setiously  detract  from  their  performance.  The  U.VIC  jacket 
insulates  the  high  heat  loss  ureas,  is  less  susceptible  to  damage,  and  is  unaffected  by  cold 
diuresis.  It  does  not,  however,  protect  the  legs  and  this  may  prove  important  if  cold  vaso- 
dilation occurs  or  if  painful  muscle  cramps  result. 

From  previous  experimental  work  survival  times  cannot  be  predicted  accurately  enough  to 
be  of  much  value.  They  de|iend  on  many  factors  besides  the  type  of  clothing  worn  and  the 
tcmperutiirc  of  the  water,  C onsequently  from  the  trials  reported  here  only  comparative  perform- 
ance assessments  were  made. 

4.  t.ARORATORV  TKIAI..S 

4.1  .Subjects 

l-lcven  medically  til  male  volunteer  RAAF  personnel  participated  in  the  evaluation  but 
only  eight  of  iliern  completed  all  three  trials  in  the  tank  and  four  of  these  also  completed  four 
iriuU  ill  veil,  I our  of  the  subiects  were  trainee  pilots,  one  was  an  air  trullic  controller,  and  the 
other  three  were  I'mm  the  Air  Force  trades.  Height,  muss,  age  and  skinfold  thickness  measured 
at  live  sites  were  recorvled  for  each  suhjeet  and  arc  given  in  Appendix  1. 

4.2  Fxps'rinienlal  Kquipment 

A general  layout  of  the  main  equipment  is  shown  in  Figure  .V  A tubular  steel  framed  chair 
with  a canvas  scat  and  roped  back  was  clamix'd  to  the  inside  of  a stainless  steel  tank.  The  tank 
Wits  approximately  I '6  m in  diameter  and  I m deep.  A vertical  adjustment  was  provided  for 
this  chair  so  tliat  the  level  of  immersion  could  be  maintained  constant  for  all  of  the  trials.  The 
lank  was  lilled  with  water  lo  within  about  60  mm  of  the  top  rim  and  a cooling  coil  situated 
just  behind  the  chair  tind  about  ()-7ni  below  the  surface  of  the  water  maintained  the  water 
temperature  close  in  7 C.  Continuous  circulation  of  the  water  around  the  subject  was  provided 
by  tilt  electrieally  driven  agitator.  The  agitator  propeller  was  three  bladcd,  approximately 
1 10  mm  in  diameter  and  immersed  lo  a depth  of  0'9m  on  a vertical  shaft  which  rotated  at 
IT1  res  s.  This  provided  circulation  sullicicntly  turbulent  lo  prevent  the  development  of  any 
sttihle  stagnation  points. 

I'hc  rel'rigcrution  unit  operated  by  cooling  a water  elliunoi  mixture  in  ti  heat  e.\changer. 
This  fluid  was  circululevl  through  the  cooling  coil  in  the  tank,  Ci' arse  control  of  the  water  tem- 
perature was  provided  by  a thermostat  which  switched  the  refrigerator  on  and  off  when  nece.ssary. 
Furihermore.  hy  monitoring  the  temperature  with  a total-immersion  glass  thermometer  and 
adjusting  the  imunini  of  cooling  fluid  circulating  accordingly,  it  proved  possible  to  keep  the 
temperature  of  the  water  within  I ()‘2  C ivf  7 C. 

A Beckman  Oll'ncr  Type  S Dynagruph  chart  recorder  with  type  481 B preamplifiers  was 
used  lo  record  the  FCCi  on  one  channel  and  FMG  on  another  two,  Only  the  integrated  EMG 
signal  was  recorded  and  for  this  the  standard  Beckman  EMG  couplers  were  used,  Silver-silver 
cliloridc  electrodes  were  used  with  F.Icctrogel  electrode  paste  for  both  the  ECO  ond  EMG 
recordings.  Readings  from  temperature  measuring  thermistors  were  obtained  by  switching  them 
in  turn  across  the  arm  of  it  Wheatstone  bridge  and  finding  the  null  with  ti  sensitive  galvanometer. 
Detiiils  of  the  bridge  and  electrode  positions  are  given  in  Appendix  2. 

f'wo  types  of  thermistors  were  used:  one  type,  STC  M55  has  a glass  bead  on  u metal  disc 

i,  Heckman,  E.  1...  Reeves.  E..  and  Cioldmun,  R.  F.  Current  concepts  and  practices  applicable 
to  the  ctintrol  of  brnly  heat  loss  in  iiircrcw  subjected  to  water  immersion.  Aerospaev  Medivinv 
37,  .148  .I?,  1966. 
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ui>d  is  Miilabltf  lor  sUffiKc  iciiii'entliifc  rwasurcment ; the  other.  Yellow  Springs  N\>,  401  eoitsisli 
111' a Mil, ill  iiimul  Inilli  on  Ilie  eiiil  ol' a tonj;  IimiI  aiul  »ii'>  iiseil  lor  nii'aMiiiiij;  let  lal  teiii|HTaUiie. 
aiul  llie  lemi'i'i  ihite  ol  llie  vwiler  immiIv  the  P Vlt ' soil.  ( 'alihialioii  iinve'>  li'i  all  ol  the  li\e 
SU  lliei iiiisliM N well'  ohI.iMieil  aiul  Irom  lliiwe,  Iwo  |iaiaiiuleis  loi  eaeli  lliei ini'iloi  ehai.tc 
teristie  were  tierived  and  used  in  conjunction  with  a small  programmed  calculator  to  obtain  the 
corresponding  temperatures.  The  Yellow  Springs  thermistors  were  well  miiiehed  to  eneh  other 
and  one  set  of  parameters  was  used  us  a calibrulion  for  all  of  tliem. 

Details  ol  these  arc  also  given  in  Appendix  2. 

4..t  I'rociHiure 

I'or  approxiinulely  fortv-live  minutes  before  the  trial,  the  subject  sat,  almost  nuked,  in  a 
room  maintained  ut  a Iry  bulb  temperature  of  20  22‘  t.'  while  elecirodes  and  thermistors  were 
placed  in  position.  He  was  then  assisted  in  putting  on  the  anti-exposure  suit,  led  into  the  next 
room,  and  asked  to  sit  in  a chair  next  to  the  lank  while  the  leads  were  being  connected  and  an 
initial  set  of  readings  recorded.  I he  subject  then  sat  in  a tubular  steel  chair  which  was  positioned 
near  the  centre  of  the  tank.  C are  was  taken  to  ensure  that  for  each  trial  subjects  sat  in  the  same 
position,  that  is,  with  shoulders  and  neck  clear  of  the  water  and  with  the  elbows  resting  on  the 
chiiit  frainework  in  such  a way  that  the  hands  and  part  of  the  forearms  were  also  clear  ttf  the 
water.  I his  approximates  the  desired  llolution  level  in  o|ven  water  although  other  aspects  of  the 
trials  were  clearly  dill'crent  from  those  likely  to  prevail  at  sea.  While  sealed  in  the  tank  the  subject 
had  approximately  neutral  Inioyancy  and  eonscquenlly  barely  louehed  the  seal  base  or  back, 
t his  enabled  Ihe  water  to  Ilow  atiumd  Ihe  entire  immersed  part  of  the  suit. 

Keadmgs  ol  rectal  lcmt'‘.Maluie  were  recorded  exerv  live  minutes  and  a complete  set  of  skin 
aiul  rectal  lemiveialures  was  reeorded  at  intervals  id'  leu  minutes.  I he  i'C'Cl  (leail  11)  and  l-'MCis 
were  reeorded  eoniinuoiisly  at  a elmrl  pa|x*r  s|x*ed  of  1 mm,  s exeept  I'or  several  seconds  directly 
following  each  complete  set  of  readings  whieh  were  reeorded  al  iiilervals  of  HI  minutes.  At  these 
times  the  pa(X‘i  six'cd  was  set  to  IDmnvs  so  that  the  wave  forms  of  about  10  eompicte  C,)HS 
complexes  would  he  examined.  I urtliermore,  signals  from  a complete  set  of  lit'ti  leads  were 
taken  just  before  the  subject  entered  Ihe  lank  and  again  just  before  tne  trial  ended. 

t ach  lime  a rectal  lemtH’raiure  was  ohiained,  it  was  immedialely  plotted  on  a graph  of 
rectal  lemixMaiuie  versus  time  and.  Iiei|nenlly  during  the  trial,  this  graph  was  shown  to  the 
suhieci.  As  little  conscious  control  can  ho  asserted  over  autonomic  I'uncli. *n  it  wa  . considered 
that  giving  Ihe  siihieel  knowledge  of  results  would  not  invalidate  the  conclusions.  I he  purpo.sc 
was  rather  to  uiiercsl  Ihe  subject  in  what  was  hnp|x*ning  and  thereby  to  encourage  him  to  stay 
in  the  lank  for  as  tong  as  possible. 

At  the  end  of  Ihe  trial  the  subject  was  driven  several  hundred  metres  to  the  Air  I'oree  base 
hospital  for  lewarming  under  a hot  shower.  I ach  trial  was  lermiiuited; 

(n)  when  the  deep  body  temix'ialiire  had  fallen  to  Vs  t ; or 

(h)  on  the  subix'cl's  request ; or 

ti)  where,  in  the  opinion  of  either  ex|vrimeitier,  the  suhieci  was  ex|xriencing  an  un- 
acceptable level  of  discomfort 

4.4  Kxperlmenlal  Dx'xign 

l ight  .subjects  wore  each  ol  three  clothing  eomhinatiuns  once,  The  three  eomhinations 
comprised : 

((/)  United  Slates  t'WU  21  I’  coverall,  standard  US  undergarment,  cotton  underpants, 
woollen  socks,  and  service  bools; 

(/>)  Koyal  Ail  I orcc  Mark  It)  coverall,  standard  US  undergarment,  cotton  underpants, 
woollen  socks  anvl  service  hoots, 

ti ) U.VIU  Ihermofloal  jacket,  cotton  tlvin.a  suit,  cotton  underpants,  woollen  socks  and 
service  hoots, 

I'or  logistical  icusons  it  was  not  possible  to  Ivgin  all  o'  the  I' nils  at  exactly  the  same  lime  each 
day  hut  they  all  look  place  during  the  late  morning  i.iul  e;irly  afientoon.  I bis  minimised  dif 
ferenlial  elVecis  on  deep  body  tem|x*ratiiie  eaiised  by  the  usual  diurnal  variation,  keele  and  Neil* 

I,  Keele.  1 1.  , aiul  Neil,  k.  Siiniu’ii  H>(x'/n‘,v  .l/y>/n'./ /Virvio/ogr  Iwelfth  I'vijlion,  O U.l' ■ 
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stilled  ihilt  II  diurnal  vaiutlidit  in  leii>|H*raUire  of  l-s  ( eaii  lUTiir  in  nnv  normal  |hts<>m  The 
di'i’p  tioilv  ieiii|Hi.iliiK'  mas  iikiimm'  h>  as  iiuiih  as  (i  s ('  in  |\io  luniis  at  eerlain  limes  ol  the 
il.ii  iKii.ills  ileep  l'od\  tem|vialiiie  tails  In  ils  liiaesl  lesel  lit  the  earls  liouis  of  the  morning 
and  iiM"'  (o  a peak  in  the  eseinag  1 liese  s>eles  \ai>  sliglillj  in  pliaM!  hum  one  day  to  the  next 
ami  are  a sivutee  of  extraneous  uticoniroHetl  variation  in  experiment!!  which  require  the  monitor- 
ing of  rectal  lemtH'ialare.  t urthermore.  us  the  present  trials  wete  cssnducicd  during  the  phase  of 
normal  tetn|Teiature  rise,  the  cooling  rates  observed  would  only  apply  to  this  time  of  the  day. 
As  the  purptisu  ssas  niiiinly  to  obtain  data  on  the  eornparalivc  rather  than  the  absolute  perform- 
ance of  the  suits  and  as  the  effect  was  practically  the  same  for  all  three  conditions,  the  diurnal 
changes  could  not  invalidate  the  conclusions. 

linfortunutcly,  it  was  impracticable  to  control  the  food  intuke  of  the  subject  prior  to  each 
cxpiisure.  However,  it  i.s  certain  that  nc  subject  commenced  a trial  within  two  hours  of  the 
previous  meal. 

Siibjecis  were  interviewed  informally  about  what  they  had  eaten  for  breakfu.sl  and  it  was 
found  that  they  tended  to  be  consistent  in  their  eating  habits  Some  did  nut  eat  breakfast  at 
all.  whereas  others  had  a tight  breakfast  regularly  comprising,  for  example,  toast  and  coflee. 
fills  consistency  of  eating  habits  and  the  fact  that  each  subject  was  used  as  his  own  control,  makes 
it  unlikely  that  variations  in  blood  glucose  levels  would  have  iairodtieed  any  important  bias 
into  each  subiecl's  ci'oling  rales  v»n  the  successive  exposures,  l ive  thermistors  were  Used  to 
monitor  skin  leinixTatiire  and  thereby  give  an  iiulicalion  of  the  level  of  vasiwonslrielion  at  live 
sites  of  particular  lelevance: 

t(i)  on  the  lell  lateral  neck  on  the  midpoint  of  the  slerno  mastoid  muscle; 

(A)  on  the  left  asilla  at  the  level  of  the  nipple; 

(<  i on  the  hack  hi  the  mivtiine  at  the  lower  limit  of  the  scapniae: 

li/l  on  the  left  knee  over  the  head  of  the  libula; 

(<  ) on  the  Icfi  fore;irm  on  the  body  of  the  hiachio  ladialis  muscle  40  M)  mm  distal  to 
the  biceps  tendon. 

file  neck  aiul  ;ivill,ic  aie  similar  in  lliai  both  are  ;ireas  of  high  heal  loss:  vvliere  they  dilVer  is  in 
ihc  protection  oilciwl  h>  the  suits.  | he  former  is  partly  covereil  by  the  sails  hut  the  latter  are  well 
insivle.  I he  back  was  chosen  as  repivseitlativo  of  a protected  low  heal  h'ss  area. 

1 viilence  has  been  repoiievi'  to  suggest  that  the  degree  I'f  v.isocousiriciion  in  the  un- 
protecicil  eMiemmes  is  such  that  comparatively  little  heat  is  lost  from  these  areas,  ('onscquciilly 
one  would  es|H'cl  tcmiK'iauires  leconled  from  the  leg  of  a subjeci  wearing  the  U. VIC  jacket  to 
approach  the  tcmi'ciature  of  the  water.  It  folU'vvs  that  if  this  premise  is  civrrecl  there  may  be 
liitle  pomt  III  supplemeuiing  the  body’s  own  ilefence  mechanism  with  extra  unnecessary  protec- 
tion. I he  knee  location  was  chosen  to  represent  the  extremities. 

All  of  Ihe  suits  piovidevi  protection  for  the  arms  and  since  arm  muscles  arc  important  for 
Ihe  kiiul  of  manii.il  dcsienlv  requiievt,  for  example,  to  enter  a lile  raft  or  attach  a winch-hook  it 
was  consiilered  unporiani  to  measure  skin  tcnnvcriilure  at  the  I'oreann, 

In  ailditioM,  IMlis  were  recorded  from  Ihe  slernomasloul  and  biceps  muscles,  It  was 
considered  that  the  iiiilicaiii'ii  ol  shivviing  intensity  so  pros  ivied  would  be  useful  when  trying 
to  rationalise  the  rales  of  change  of  deep  body  lemix'iaiuie  and  other  e\(X!rimenlal  results,  It 
has  been  iiulicaieil,  for  example,  that  I Mtis  recordcil  from  the  neck  correlate  well  with  meta- 
bolic rate,-  In  this  cvalualion  three  electiodes  were  used  at  both  sites  two  for  the  ditferenlial 
signal  and  one  to  earth  a point  on  Ihe  muscle  iieaiby. 

4.f(  Kesiillx 

it  was  appaivitt  that  ilcspiie  ellorls  ti'  niinimi/e  sources  of  extraneous  vurialioit,  large 
variations  did  occur.  Subjects  ditVered  in  their  ability  to  wlihsiami  fatigue  induced  by  shivering 
iiiid  also  in  then  abilitv  ii<  ailapl  physiologicallv  to  the  coM  environment.  Cottsequently  some 
subjects  neeiled  to  be  removed  from  the  lank  long  before  their  ileep  boily  lempeniture  would 
have  reached  f whereav  others  coolevi  to  this  tem|X'iuiuie  very  quickly,  figures  4,  and  b 

I Hav  waiil.  .1  S . i ollis,  M.  I , and  I ckeison,  .1.  IV  I heimographic  evaluation  of  relative  heat 

loss  areas  ol  man  vluriiig  cold  water  iinmei>ion.  c Mi'tlwinc  44,  708  1 1.  I^bb. 

7.  Ilavwaid  .1  S.  IVisinuil  commumcainm,  iu7(i. 
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show  the  rectul  temperature  cooling  curves  corresponding  respectively  to  the  British  Mark  10 
UniiciJ  Slates  t WIJ  21/P,  and  the  Canadian  IJ.VIC  Thermoflout  anti-exposure  garments. 

liach  of  the  three  e.xposures  of  one  subject  had  tc)  he  terminated  within  1 -2  hours  owing  to  a 
sudden  fall  in  rectal  leinpcraluie  to  3S  C.  At  the  other  extreme,  another  subject  on  one  trial 
(Figure  6)  stayed  in  the  tank  for  four  hours  without  his  core  temperature  reaching  35  C.  After 
2-76  hours  his  temperature  had  fallen  to  3S-9’'C  but  then  rose  to  36'5''C  during  the  next  I -25 
hours.  The  immersion  was  then  terminated  at  the  subject's  request. 

Thus  exposure  duration  and  temperature  drop  varied  from  trial  to  trial  and  since  these  are 
highly  interdependent,  neither  taken  separately  should  be  used  as  a criterion  for  comparing  the 
suits.  Consequently  it  was  necessary  to  combine  these  parameters  in  some  reasonable  manner. 
Here  this  has  been  done  by  dividing  the  decrease  in  rectal  temperature  in  degrees  Celsius  for  the 
trial  (ATr)  by  the  exposure  duration  in  hours  (At).  However,  it  is  stressed  that,  this  overall  cooling 
rate  should  not  be  used  to  predict  survival  times.  It  is  used  here  as  a criterion  because  it  has 
some  physical  significance  and  can  be  obtained  for  each  trial.  However,  the  highly  non-linear 
nature  of  the  rectal  temperature  versus  lime  relationship  precludes  the  interpretation  of  this  as 
a cooling  rate  on  a minute  by  minute  basis. 

The  summarised  rectal  temperature  data  are  given  in  Table  I.  A Friedman  2-way  Analysis 
of  Variance  by  Ranks'  on  the  \TrlAt  values  (where  ATr  is  the  temperature  drop  in  degrees 
Celsius  and  Ar  is  (he  exposure  duration  in  hours)  showed  that  the  dilTerenccs  between  the  three 
clothing  combinations  were  not  signiheant  (xr"  1 ‘75.  p < 0-  S3).  Consequently  the  differences 
in  insulating  properties  of  the  three  anti-exposure  suits  were  too  small  to  be  detected  in  this 
experiment  using  ATrjAt  as  the  criterion. 

In  Figure  7 the  rectul  temperature  meuns  arc  shown  for  the  initial  exposure  period.  These 
have  been  translated  t(»  begin  at  37'0'‘C.  The  apparent  difference  of  approximately  0'3°C 
between  the  mean  for  the  U, VIC  jacket  and  those  of  the  two  dry  suits  after  20  30  minutes,  may 
be  consistent  with  an  initial  penalty  inherent  in  the  wet-suit  design  of  the  jacket,  The  mean 
cooling  rates  for  all  three  suits  appear  to  be  similar  thereafter. 

The  increase  in  heart  rule  during  the  exposure  was  also  used  for  comparing  the  adequacy 
of  the  suits  since  this,  it  was  considered,  would  reflect  the  level  of  stress  experienced  by  the 
subject.  An  initial  full  in  heart  rate  at  the  beginning  of  a sudden  exposure  to  cold  stress  is  to  be 
expected.  Redistribution  of  blood  to  the  core  would  increase  venous  return  to  the  heart  and 
hence  cardiac  output.  This  would  cause  a temporary  rise  in  blood  pressure  which  would  be 
adjusted  hack  to  normal  by  a reduction  in  heart  rate.  Flowever,  with  the  onset  of  violent  shivering 
overall  metabolic  rate  increases  and  to  supply  the  muscle  with  its  metabolic  needs,  heart  rale 
could  be  expected  to  increase  again.  Table  2 lists  the  observed  heart  rate  increases  (AHR)  and 
the  corresponding  exposure  durations  in  hours.  A comparison  of  the  AHRiAi  data  for  the 
three  clothing  combinations  showed  the  differences  not  to  be  significant  (xr*  - 2-2S, 
p < 0'36).  It  is  interesting  and  seems  anomalous  that  the  subject  who  was  able  to  stabilize  his 
rectal  temperature  In  the  U.VIC  trial  experienced  a drop  in  heart  rate  in  all  three  tank  trials, 

Reference  to  f igures  4,  and  6 s'’ows  thal  in  the  majority  of  immersions  a three-part  core 
cooling  pattern  occurred.  The  first  purl  corresponds  to  the  constancy  of  deep  body  temperature 
which  persists  for  20  .30  minutes  after  the  onset  of  the  exposure.  This  is  followed  by  a charac- 
teristic linear  cooling  period.  The  third  part  In  which  cooling  rate  decreases,  In  some  cases 
quite  substantially,  has  not  been  reported  before.  Whetlier  all  exposures,  if  continued,  would 
have  progressed  into  the  third  phase  is  unclear.  One  subject  agreed  to  stay  in  the  tank  somewhat 
longer  to  invc.stigalc  this  phenomenon.  His  core  temperature  fell  to  below  35'C  during  a 
typically  linear  second  phase.  At  34‘5"C  his  cooling  rule  suddenly  decreased  almost  to  zero  and 
this  temperature  was  muinluined  for  thirty  minutes  until  the  exposure  was  terminated  at  the 
request  of  the  subject. 

This  three  phase  cooling  pattern  was  observed  in  exposures  of  longer  than  one  hour,  and  its 
presence  invalidates  simple  extrapolation  of  the  more  rapid  second  phase  of  cooling  to  determine 
cither  absolute  or  relative  survival  times.  It  also  indicates  the  importance  of  using  prolonged 
exposures  in  this  kind  of  study.  Further  investigation  of  this  effect  would  appear  to  be  warranted. 
The  final  reduction  in  cooling  rate  during  exposures  under  these  conditions  cun  be  rationalized 
us  follows.  When  chalicnacd  by  u potentially  threatening  situation  such  us  an  immersion  in 
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FIG.  4.  GRAPHS  SHOWING  THE  FALL  IN  RECTAL  TEMPERATURE  FOR  EACH  OF 

EIGHT  SUBJECTS  DURING  IMMERSION  IN  WATER  AT  7°C  WHILE  WEARING 
THE  MARK  10  ANTI  EXPOSURE  COVERALL. 
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GRAPHS  SHOWING  THE  FALL  IN  RECTAL  TEMPERATURE  FOR  EACH  OF 
EIGHT  SUBJECTS  DURING  IMMERSION  IN  WATER  AT  7®C  WHILE  WEARING 
THE  CWU  21/P  ANTI  EXPOSURE  COVERALL 


U.  VIC  thermofloat  jacket 


cold  ttiitcr  the  body's  det'cnces  might  lUH  he  able  to  iimintam  the  core  temperature  at  its  normal 
level.  Cooling  then  occurs  until  the  hypotliuluniic  inputs  are  so  Intense  as  to  result  in  a metabolic 
heat  production  which  Is  high  enough  to  siabili/e  core  iem|H‘iaiure  at  a level  which  u lower  (hen 
norntal.  Whether  or  not  this  would  occur  in  individual  cases  would  depend  on  total  insulation, 
eiTectiveness  of  the  metabolic  heat  production,  and  the  temperature  diR'erence  between  the 
water  and  body  ci»re,  At  extremely  low  temperatures,  however,  active  insulation  mechanisms 
may  be  disrupted  by  cold  vasodilatation. 

A similar  analysis  was  carried  out  on  the  skin  temperature  data.  Each  observation  on  which 
the  analysis  was  based  was  obtained  by  subtracting  the  tinat  temperature  from  that  recorded  just 
before  the  subject  entered  the  lank  and  dividing  by  the  exposure  duration  in  hours.  Only  the 
dilferences  based  on  back  temperature  were  signiRcant.  Table  3 contains  these  results.  The  mean 
(A7V AOs  corresponding  to  the  U.VIC,  US,  and  UK  garments  were  2 20, 6 85  and  7 ‘OS  respect- 
ively. Consequently  when  the  U.ViC  suit  was  worn  the  temperature  drop/unit  time  for  the  skin 
on  the  subject's  buck  was  less  than  that  occurring  when  either  the  British  Mk  10  or  the  CWU  21/P 
suits  were  worn.  A Randomisation  test  showed  this  difference  to  be  significant  at  the  p < O'Ol 
level.  The  mean  tcmperatuie  of  the  water  measured  inside  the  front  of  the  U.ViC  jacket  was 
II  '.fS'C,  only  a little  over  4"C  above  anibieni.  These  temperature  means  are  on  trials  of  eight 
subjects,  two  of  whom  arc  dilVerent  from  those  in  a'!  of  the  preceding  analyses. 

No  cyclic  patterns  of  skin  temperature  variation  were  observed  Rsr  any  of  the  skin 
thermistors  in  these  trials  indicating  that  the  Lewis  Hunting  Reaction  was  not  detected  ul  the 
hwalions  and  lime  intervals  sumpltd.  Moreover,  there  was  no  evidence  of  cold  vasodilutution 
in  any  of  lhe.se  trials. 

Both  the  “dry"  suits  leaked  in  .several  of  the  trials.  The  leakage  was  not  from  the  neck  and 
wrists  as  these  were  kept  out  of  the  water,  l-rom  the  shape  of  the  wet  patch  on  the  inner  garment 
it  was  evident  that  leakage  hud  occurred  at  the  ends  of  the  slide  fasteners  de.spite  cure  on  the 
part  of  the  exiserimenlers  to  secure  them  proi>erly.  rurtherniorc.  it  was  found  that  the  soft  rubber 
neck  seals  and  bools  were  particularly  susceptible  to  tearing,  .Several  repairs  had  lo  he  made 
during  the  exiscriinent. 

Most  of  the  exposures  were  fairly  short  in  duration  but  as  expected,  some  subjects  needed 
to  urinate  during  the  trial.  Consequently,  after  almost  every  trial,  the  inside  of  the  dry  suit  hud 
been  wet  one  way  or  another. 

5.  SKA  rKIAUS 

5.1  Introduction 

HMAS  Arih'iii,  a naval  patrol  bv>ut.  was  made  available  as  an  expcrlmentul  platform  on 
four  successive  days.  Hot  showers  were  available  so  that  the  subjects  could  be  rapidly  rewarmed 
and  a small  crane  on  deck  was  used  lo  winch  them  back  oivbourd  after  each  exposure.  Four  of 
the  subjects  who  participated  in  the  lank  trials  also  took  part  in  these  trials.  Their  masses,  skin- 
fold  thickness,  and  heights  are  given  in  Appendix  I. 

rhe  trials  were  carried  out  in  Port  Phillip  Buy  and  the  conditions  varied  from  overcast  with 
some  wind  and  mildly  choppy  seas  to  bright  sunlight  and  Hal  culm  water.  During  the  experiment 
the  temperature  of  the  water  renmined  fairly  constant  at  about  10  5 'C, 

Only  rectal  temperature  and  the  temperature  inside  the  LhVlC  jacket  were  monitored 
precisely  in  this  part  of  the  evaluation.  A medical  otilcer  in  a dinghy  maintained  a close  surveil- 
lunee  of  the  subjects. 

5.2  Kxperimenlai  Design 

Four  clothing  combinations  were  used  and  each  subject  wore  a dilVerent  one  of  these  four 
on  each  of  the  four  days  of  the  sea  trials.  The  IVnir  clothing  eombinaiions  comprised  the  following 
garments; 

Ul)  Royal  Air  Force  Murk  10  suit.  US  undergarmenl.  cotton  underpants,  woollen  swks 
and  Rying  bools; 

(/))  United  Stales  CWU  21,  P coverall,  US  undergarmenl.  eotioii  underpants,  woollen  .socks 
and  Hying  bools; 
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(.1  I'ainuliaii  liA'If  i.iv'ki'i.  iviion  iiiulerpidHs,  li'np  mrsh  urnlersuMr,  Auyindiun  i'v>tii'H 
lUiiif;  Mill.  aiul 

(,/l  iioim.il  iKinf  ilnthin^'  ii'mpiiMn};  lUiiifi  laikiM.  la'lli'ii  niuli'i p.iiilv.  K \ \l  ci'IIoii  Ihmp 
suit,  Imiiih  llll.^^ll  uiiUvtvu'4i,  Moiillvii  M)c:k»4iid  lUni(i  t>vuil>. 

In  fui'h  ciiNe  it  litV  prfiterver  wus  aUo  worn,  The  Yellow  Springs  4(11  thermistor  leuils  were 
Icnglhencit  lor  the  sea  trials  and  temireratures  were  taken  every  5 minutes  during  immersion. 
As  in  the  tank  evaluation,  eaeh  reiuling  was  obtained  by  switching  the  thermistor  into  one  arm 
of  a Wheatstone  bridge  w hieh  was  then  baluneetl  by  adjusting  the  settings  on  a decade  bi»s. 

5..'  I’roeedure 

On  the  first  day  all  lour  subjects  were  in  (he  water  at  the  same  lime  but  it  was  found  too 
dittieult  to  maintain  adeipiate  surveillanee  of  all  four  simultaneously,  so  on  subsequent  days 
they  were  tested  two  at  a lime. 

Alter  dressing  in  the  suits  Iselow  deck  the  subjects  stood  on  »teck  while  the  life  preservers 
were  pul  on  and  the  thermistors  connected  to  the  wheatstone  bridge.  They  then  entered  the  water 
by  climbing  dosvn  some  foot  holds  at  the  stern  of  the  boat  and  floated  just  sulhciently  far  from 
the  side  to  be  e\pi  sed  to  the  wind  and  waves. 

The  eriiena  use  d for  eiuliag  tiie  trials  were  the  same  as  those  used  for  the  tank  trials.  At  the 
end  of  the  trial  the  subi'‘ct  was  hoisted  back  on-board  and  immediately  given  a ln*t  shower, 

K4  Kesiills 

Ditlicullies  with  eiiuipmeiu  on  the  fust  day  prevented  a complete  set  of  data  from  being 
obtained,  llowccei,  Iw  iiileip"lating  Iviwecn  points  it  was  possible  to  plot  graphs  of  rectal 
ieni|H‘rature  sersus  time  for  eaeh  subject. 

kliaphs  of  the  mean  rectal  lemix'iaturc  versus  lime  characteristic  are  given  in  f igure  S. 
I Itch  pi'iiu  is  the  mean  I'f  four  observations  adiusted  so  that  each  graph  starts  at  M"C.  It  can 
he  seen  llial  the  overall  cv'oling  rales  eoi responding  to  the  three  anti  evposure  suits  apivar  to  Iv 
similai  to  one  anoiliei  but  substantially  lower  ilum  those  of  the  control  coiulitions,  that  is,  the 
coiulilion  in  which  living  gear  I'ldy  was  worn.  These  vlilVeienees,  wlien  ei'iisidered  alone,  are  not 
siatisiiciilly  signilicant  (see  fable  41.  Dul  they  are  in  agreement  with  those  of  the  tank  trials 
in  so  far  ns  the  siinilarity  of  proleclu'ii  alVorvled  by  the  three  suits  is  ev'ncerueil, 

the  mean  lemiH’ialuiv  of  the  water  iiisale  the  IfNlt'  lacket  was  17'(i4  1‘  about  7 l' 
above  the  temiviature  of  the  water.  It  is  eonsidered  tiuii  this  improvement  in  iem|scrature  dif- 
ferential across  the  jacket  as  coin|vared  with  the  lank  trials  may  result  from  two  causes,  find, 
the  sea  trials  levjuired  the  wearing  of  a life  preserver,  the  straps  of  which  probably  caused  the 
jacket  u'  wrap  more  lightly  aitnind  the  trunk.  Second,  in  the  sea  the  subjects  tended  tv*  adv'pi  a 
more  estended  pv>siure  I'onsequenily,  with  less  bending  at  the  waist,  there  wv'ulvl  have  l*een  less 
leiulency  for  the  suit  to  hiilge  in  the  fiv'ni  and  alU'w  ilie  eiiciilaliv'ii  itf  water.  Impvvriant  dif- 
ferenees  were  v'bserveil  helween  suits  in  lh>tativ»n  position.  The  vlry  suits  ivrmitled  v'niy  a hori- 
/onial  po'ilure  to  bo  maintainevl  whereas  the  IfNlt'  sail  provivled  bui'yancy  only  abitve  the 
groin,  fills  enabled  the  Mibjecls  to  mamlam  a more  upright  pi'sliire  in  the  water, 

(Inly  the  lirsi  vlay  v>f  the  hay  trials  prv'vivlevi  ei*nvlilii>ns  wliieh  were  substantially  ditVerent 
from  llu'.se  of  ilie  tank  trials,  flie  sky  was  overcast,  there  was  some  vviiul  and  the  ,sea  was  slightly 
chv'ppy  llii'ugli  mint  ei\v>ugn  fv*r  a small  dinghy  tv*  tv  usevl  for  surveillance  of  the  subjects. 
However,  a subjective  assessment  v*f  the  subjects'  respv'iises  mavie  by  the  invesligalv>rs  and  the 
subjects  on  this  vlay  gives  some  insight  into  |H‘rfv*imanee  hniitalions  v'f  the  stirvival  ev)uipmvnl. 

.As  eaeh  small  wave  passevi.  the  stv>le  v*f  Ilie  life  preserver  rv*lled  up  around  the  side  ol  the 
suhjeei's  heiul  insleavt  of  provivling  tlie  buoyancy  necessary  to  keep  the  head  clear  of  the  water. 
This  meani  that  the  smull  chop  which  was  su|*ei'impivsed  v*n  the  waves  caused  eonsiani  splashing 
i'flhe  face  a high  heal  h'ss  area,  f urlhernu'ie,  windchill  accelerated  the  cvH'ling  i>f  the  face  aiul 
haiuls  which  were  uitpiv'ieclevl,  .All  fi*ur  of  the  suhjects  neeiled  to  Iv  removed  from  the  water 
within  one  hour  of  entering  it  and  alt  claimed  that  the  conditions  were  much  more  severe  than 
those  applying  to  the  tank  irials.  Within  the  first  .'0  minutes  the  rectal  tem|vialures  of  two  of  the 
subjects  one  wearing  just  iiv'imal  Hying  gear  and  the  **lber  wearing  the  HS  k'NN'li  ^1  t’  suit 
had  I'allen  iiv  a point  close  to  IS  i',  f urthermore,  the  subjeels  were  in  Cv'iisideiable  discomfort 
when  lirst  taken  liv'itt  the  water. 
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Adjusied  rectal  temperature  means 


Exposureduration  (min) 

FIG.  8.  GRAPHS  SHOWING  THE  RECTAL  TEMPERATURE  MEANS  FOR  SUBJECTS 
WEARING  EACH  OF  THE  ANTI-EXPOSURE  GARMENTS  DURING  THE  SEA 
TRIALS.  THE  GRAPHS  WERE  SLIGHTLY  ADJUSTED  VERTICALLY  SO  AS  TO 
BEGIN  AT  37®C. 
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These  obscrviiiions  emphiisi/e  thni  absolute  perlormanee  (survival  limes)  under  kiperaiional 
eonditions  eanaot  be  eslimaied  fh»m  laboratory  resiilis  or  even  from  those  of  sea  tii.ils  m calm 
eoiklitunis  It  was  also  ai'p.trent  lhai  none  I'f  the  Itirce  sails  pt ovule  ailevpiaie  proteeluvn  in  then 
preseal  form  I’loieeiion  sluniKI  be  ptoviileil  lor  ihe  heail  aiul  loi  Itie  haiuls 


b.  ( ONn  iiSIOfSS 

Within  the  variability  of  this  csperimeni  the  thermal  insulating  properties  of  the  expsvsure 
suits  were  found  to  be  comparable.  However,  in  several  other  respects  the  U.VIC  jacket  was 
found  to  he  superior  to  the  two  dry  suits  and  to  have  the  greatest  potential  for  further 
development. 

(u)  I'he  insulating  properties  of  the  I*.  VIC  jacket  are  less  alVccted  by  damage  than  are  those 
of  the  two  dry  suits.  Even  if  the  neoprene  lining  is  holed  in  several  places  it  can  still  be 
c.spccted  to  olTcr  substantial  protection  provided  the  lining  is  fitted  ftrmly  around  the 
trunk,  However,  even  a small  leak  in  a dry  suit  would  drastically  reduce  its  etVectiveness. 

(h)  Cold  stress  results  in  a greater  urine  excretion  rate,  The  thermal  insulation  of  the  U.VIC 
jacket  will  be  unatl'ected  when  the  wearer  needs  to  urinate,  whereas  that  of  the  dry  suit 
would  probably  be  markedly  reduced. 

(i ) I he  design  of  the  dry  suits  renders  them  su.sccpiihlc  to  damage.  During  the  trials  on 
several  ovcasioiis  it  was  necessary  to  re|vair  tears  in  the  soft  rubber  neck  seal  and  in  the 
bools.  No  apparent  damage  was  sustained  by  the  li, VIC'  jacket. 

((/)  A fairlv  upright  llotaium  position  is  possible  when  wearing  the  C, VIC  jacket.  Suhjecis 
wearing  the  viry  suits  Hoat  in  a hori/ontal  pv'sition  on  their  backs  and  have  less  evnilrol 
of  their  nuweineni. 

ti'l  The  dry  suits  tire  more  diHicull  to  put  on  and  take  oil  limn  is  the  U.VIC  jacket, 

7.  KK( OMMENDAIIONN  FOR  H'RITIKR  nKVEl.Ol’MENT 

The  U.VIC  lackei  provivles  about  7.' N buoyancy  whereas  the  minimum  s|H*citied  in  the 
A.SCC  sianviard  is  l.'ib  N Conscmicntly  a separate  life  preserver  must  also  k*  worn,  This  com- 
bined outlii  is  fairly  heavy  ami  bulky  regardles,s  of  whether  the  U.VIC  iaeket  or  one  of  the  dry 
suits  arc  useil.  However,  it  is  possible  toenhaiwv  Ihe  buovanev  of  the  U,\  1C  jaekel  by  providing 
an  inllalahle  bladder  in  its  up|ver  lining.  I’vvekets  for  llares,  transmitter,  llashlight  anvl  other 
survival  ev(uipmcni  could  also  )'e  ineoi  poruted. 

The  most  serious  deficiency  in  the  original  design  ivf  the  jacket  was  the  poor  lit  around  the 
trunk,  rtns  allowed  some  drculution  of  the  water  around  high  heal  loss  ureas.  If  the  jacket  were 
made  tighter  at  the  waist  or  If  sirups  at  the  side  couKI  be  tightened  to  give  the  same  elVect,  this 
viclicicncy  Ck'uld  k'  easily  overs'omc. 

1^611  in  ihis  moditied  form  however,  the  U.VIC  jacket  would  probably  k*  heavier  and  more 
bulky  than  necessary.  If  insulation  could  k*  provided  by  means  other  than  neoprene,  it  may  k 
possible  to  alleviate  these  pn'hlems,  t'or  example,  depending  on  the  availability  of  a suitable 
nintei'ial.  a jackoi  cvHild  k imule  similar  in  shujv  to  the  U,\  1C  jacket  but  with  the  neoprene 
riihkr  replaced  hy  an  intlatahle  lining  divided  inio  several  air  cells.  When  intlated,  the  lining 
would  displace  much  of  Ihe  water  from  around  the  trunk  and  provide  siithcicnt  buoyancy  to 
preclude  the  necessity  for  a .separate  life  preserver.  I'his  moililied  jacket  would  provide  excellent 
thermal  insulation  when  inlluted,  hut  still  k lighter  and  less  bulky  for  normal  wear. 


TABLE  I 

ATr/Al  {r«clii  lemiwrature  drop  In  "C, 'Interval  of  time  of  meaimrement  In  hours)  for  the  tank  trials 


Treat- 

ment 

Subject 

AT, 

U.VIC 

jacket 

US  CWU  21/P 

Suit 

British  Mark  tO 

Suit 

A/ 

Ar,/A/ 

AT, 

At 

A7V/A/ 

AT, 

A/ 

ATr/At 

W.M. 

1 '80 

I 'OS 

jjnfl 

mm 

WBi 

jnia 

P.B. 

2 09 

230 

l'75 

WSSM 

■Bl 

A.M. 

2'33 

2'70 

0'98 

3 07 

0'32 

1'23 

2'33 

0'53 

S.W. 

1'I7 

3 '92 

0-30 

2-74 

2'25 

1'22 

1 '99 

2'I7 

0'92 

M.S, 

2 '40 

2'fi7 

O' 90 

l'75 

l'83 

O' 95 

-0  04 

1 '58 

- 0'03 

S.D. 

1 03 

1 '58 

O' 65 

1 '65 

l'92 

O' 86 

l•29 

l'75 

0'74 

D.McL, 

2'll 

I'SS 

1'36 

l'99 

2'00 

I'OO 

0'76 

1 '83 

0'41 

D.B. 

i 

l•23 

2 '33 

O' 53 

0'87 

l•92 

0'45 

0'50 

217 

O' 23 

TABLE  2 

^IIR/J^t  (rise  In  heart  rate  In  beats  per  mlnutc/lntcrval  of  lime  of  nivasurvmcnl  in  hours)  for  the 

tank  trials 


Treat- 

ment 

U.VIC 

Jacket 

US  CWU  21/P 

Suit 

British  Mark  10 

Suit 

Subject 

^HR 

At 

AW/?/ A/ 

Ar 

^HR 

Ar 

AW/?/A/ 

W.M. 

13 

1'08 

12 '04 

1 

117 

O' 85 

13 

O' 95 

13'68 

P.B. 

8 

1 '55 

516 

6 

1 '60 

3'75 

19 

1 '50 

12'67 

A.M. 

5 

2 '73 

l'83 

7 

2'9S 

2 '37 

16 

2-32 

6'90 

S.W. 

21 

3 '75 

5 '32 

30 

1'95 

15'38 

16 

2 '07 

~7'73 

M.S. 

22 

2 '53 

8 '70 

27 

I'?.) 

15'61 

3 

1'48 

2'03 

S.D. 

42 

l'4H 

28 '38 

8 

1'75 

4'57 

7 

1-68 

-2 '96 

D.McL. 

iO 

l'47 

6'80 

18 

1 '85 

9 '73 

21 

1'80 

11 '67 

D.B. 

6 

1'43 

4'20 

IS 

l'H5 

811 

10 

2'17 

4'61 

TABI.K  i 

\ I f.  Al  |dr<ip  in  bm-k  skin  lonipvralurv  in  ('  hours  of  exposure  for  the  lank  triais) 


Treat- 

ment 

LI,  VIC 
Jacket 

usewu 

Suit 

21/P 

British  Mark  10 

Suit 

Subjects 

At 

ATt/Af 

An 

At 

An/At 

M'i 

Al 

A7VAi 

W.M, 

HI 

I'lO 

2'91 

10-62 

I-IO 

9-65 

11-30 

103 

10-97 

P.B. 

mSM 

238 

1-85 

20-74 

t-67 

12-42 

13-55 

1-58 

8-58 

A,M, 

S'5.1 

2‘82 

1 96 

16-01 

3-00 

5-34 

IS -99 

2-33 

6-86 

S.W, 

9 49 

4‘OU 

2 37 

9-33 

2-17 

4-30 

10-41 

2 08 

5-00 

M.S. 

9 4() 

267 

3-52 

11-99 

1-68 

7-14 

1553 

1-50 

10-35 

S.D, 

3'70 

153 

2-42 

9-25 

1-70 

5-44 

9'57 

1-73 

5-33 

n.Mci 

3 00 

l•S2 

t -97 

11-30 

2-12 

5-33 

7-14 

1-85 

3-86 

D.B 

1'85 

I'd: 

1 '30 

9-86 

1 -90 

519 

11  14 

2-18 

5-11 

TABLi:  4 

AT,  Al  (lenttH'rilurv  drop  in  ( exposure  duration  in  hours)  data  for  the  sea  trials 


rreatinent  A 

u.vic 

ewu  21,  P 

Mark  10 

Flying 

Subjects  B 

jacket 

suit 

suit 

clothes 

S.D. 

0 • 54 

102 

0-74 

3-25 

5-55 

n.B. 

1-19 

3-64 

1 -08 

1 -95 

7-86 

D.Mcl  , 

2 '32 

1 -06 

1 -25 

1 -60 

6-23 

M.S. 

0-69 

1 -tX) 

1 '57 

1 -83 

5 09 

4'74 

6-72 

4-64 

8-63 

24 '73 

Analysts  of  Variance  Table 


Source  of  vuriation 

dr 

SS 

MS 

F 

A t treatments) 

3 

s 

r4 

0-897 

0 997  n.s. 

B (subjects) 

3 

i-ii 

O' 370 

Frror 

9 

8-09 

O' 899 

Total 

15 

11-78 

R.T*))  O W, />^0'2.V 

Thus  tiilTcrcnecs  in  eoollnp  rales  between  the  lour  clothing  conditions  are  not  signiticunt 
according  to  this  test. 


AIM'KNDIX  2 


Decade  Box 


25-0-25 

>iA 


Skin 

thermistors 


thermistor 


Switch  position  1 for  skin  thermistors  meesuremonts 
Switch  position  2 for  rectal  thermistor  measurements 

The  thermistor  churucteristic  is  /f  ft,  c'*  where  ft  is  the 
resisiance  uiul  T the  iihsolutc  teincwriiliirt*  ft  , iiiul  ^ are 
I’aiiiinelers  which  dci'ciut  on  the  construction  ol'ihe  thermistor 


.WI4IX) 
•t.tll  -TH 
.t2,W  ■ 2,s 
.t27S  ‘ 5.S 
.t.t7l  •2'> 
t2.S2tl7 


riicriiiistor  type 

ft,. 

Yellow  Sprinns  401 

tXM4.t4 

SK  MS.I  1 

•064770 

ST(  M5.'  2 

•07'>720 

SR'  M53 

•07O720 

S R’  M5.t  4 

•tM4565 

VR  M5.7  5 

•074770 

;T=lVT»r/tfPfl' 
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